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METHOD AND APPARATUS FOR MEASURING GAP , 
METHOD AND APPARATUS FOR MEASURING SHAPE AND 
METHOD FOR MANUFACTURING LIQUID CRYSTAL DEVICE 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application claims priority under 35 U.S.C.§119 
to Japanese Patent Application No. 2001-323731, filed on 
October 22 , 2001 r entitled "METHOD AND APPARATUS FOR 
MEASURING GAP , METHOD AND APPARATUS FOR MEASURING SHAPE AND 
METHOD FOR MANUFACTURING LIQUID CRYSTAL DEVICE". The 
contents of that application are incorporated herein by 
reference in their entirely. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to technology for 
measuring a gap between members or shape thereof by 
utilizing interference of light. 

2 . Description of the Related Art 

For example, a conventional gap measuring apparatus 
having a configuration shown in FIG. 20 has been developed 
as an apparatus for measuring a gap between light 
transmission members, such as liquid crystal cells. This 
apparatus utilizes a phenomenon that light waves 
respectively reflected by the top surface and the bottom 
surface of a gap having an effective thickness d 



Attorney Docket No. 9319K-000294 

- 2 - 

(incidentally, the refractive index of a medium is assumed 
to be n) illuminated by light, which is irradiated from an 
objective lens of a microscope through a half-mirror, return 
thereto in such a way as to cause a phase difference 2nd 
therebetween, and that these light waves pass through a 
Wollaston prism and polarizing plates A and P to thereby 
generate interference fringes. That is, the value of the 
gap d is determined by measuring the peak gap y between an 
interference fringe, which is generated by the interference 
between light waves both reflected by one of the top and 
bottom surfaces, and another interference fringe, which is 
generated on the line of intersection between the wavefronts 
of light waves respectively reflected by the top and bottom 
surfaces, according to the following equation (1): 

y = nd / (n e - n Q ) tanG (1) 

where 0 designates a prism angle of a Wollaston prism, and n e 
and n G denote refractive indexes of the Wollaston prism. 

However, the conventional gap measuring apparatus is 
operative to measure the gap therebetween correspondingly to 
one point of an object at a time. Thus, to measure the 
distribution of the gaps in a predetermined section, the 
conventional gap measuring apparatus should repeatedly 
perform the measurement of the gap by shifting the object 
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therein. Thus, an operation of measuring the gap is complex 
and time-consuming, 

SUMMARY OF THE INVENTION 

The invention is accomplished taking the aforementioned 
problem into cons iderat ion - 

Accordingly, an object of the invention is to provide a 
method and apparatus each enabled to measure the gap or 
shape of an object at a high speed with high accuracy and a 
method for effectively manufacturing a liquid crystal device. 

To achieve the foregoing object, the present invention 
adopts the following structures. 

(1) A gap measuring method comprising the steps of: 

shifting a wavelength of light stepwise within a 
predetermined 1 wavelength range to use the light for 
measuring a gap; 

taking ah image of an interference fringe, which is 
generated owing to a gap provided in a measured object and 
the used light with the shifted wavelength, by a camera 
correspondingly to each step of the shifted wavelength; 

obtaining a change in the intensity of the images of 
the interference fringes taken by said camera at each of 
predetermined positions of each image, over said 
predetermined wavelength range; and 
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determining gap values of a plurality of points of the 
gap based on the obtained changes in the density. 

(2) A gap measuring method according to (1), wherein said 
step of determining a gap value includes the steps of: 

obtaining a theoretical change in the intensity of the 
images, over said predetermined wavelength range, 
correspondingly to each of preliminarily set gap values; and 

determining the gap value of said measured object based 
on the change in the intensity of the fixed position of each 
image taken by the camera and the obtained theoretical 
changes in the intensity. 

(3) A gap measuring method according to (1), wherein said 
step of determining a gap value includes the steps of: 

obtaining a plurality of peaks in said change in the 
intensity of the images, over the predetermined wavelength 
range? and calculating gap values of a plurality of points 
of the measured object based on a plurality of wavelengths 
respectively corresponding to the peaks. 

(4) A gap measuring method according to any one of (1) - 
(3), wherein said interference fringe is obtained by 
utilizing light transmitted by said measured object. 
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(5) A gap measuring method according to any one of (1) - 
(3), wherein said interference fringe is obtained by 
utilizing light reflected from said measured object. 

(6) A gap measuring method according to any one of (1) - 
(5), wherein said shifted wavelength of the used light is 
obtained by shifting a wavelength of light emitted from a 
light source to said measured object. 

(7) A gap measuring method according to any one of (1) - 
(5) r wherein said shifted wavelength of the used light is 
obtained by providing a filter , which is adapted to 
selectively transmit a certain wavelength of light to the 
side of said camera. 

(8) A gap measuring method according to any one of (1) - 

(7) , wherein said change in the density of images taken by 
the camera, is corrected in consideration of variable 
factors . 

(9) A gap measuring method according to any one of (1) - 

(8) , wherein the said image consists of a plurality of 
pixels, to measure the gap value for each of the pixels. 

(10) A shape measuring method comprising the steps of: 
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measuring gap values of a gap between a pair of members, 
one of which has a flat surface , by the gap measuring method 
according to any one of { 1 ) ~ { 9 ) ; and 

determining a shape of the other member constituting 
said gap, based on the measured gap values, 

(11) A gap measuring apparatus comprising: 

a wavelength variable light source for shifting a 
wavelength of light stepwise within a predetermined range 
and applying the light with the shifted wavelength onto a 
light transmissible object that is to be measured and is 
provided with a gap; 

a camera for taking an image of an interference fringe 
formed by the light transmitted by said object, 
correspondingly to each step of the shifted wavelength; 

an image memory for storing images taken by said 
camera; and 

means for obtaining a change in the intensity of the 
images taken by said camera, at each of predetermined 
positions of each image over said predetermined wavelength 
range; and means for determining gap values of a plurality 
of points of the gap based on the obtained changes in the 
intensity. 

(12) A gap measuring apparatus comprising: 
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a white light source for applying white light onto a 
light transmissible object that is to be measured and is 
provided with a gap; 

a filter for shifting, stepwise, a wavelength of the 
light transmitted by said measured object within a 
predetermined wavelength range to send the light with the 
shifted wavelength to said camera; 

a camera for taking an image of an interference fringe 
formed by said light transmitted by the filter, 
correspondingly to each step of the shifted wavelength; 

an image memory for storing images taken by said 
camera; 

means for obtaining a change in the intensity of the 
images taken by said camera, at each of predetermined 
positions of each image over said predetermined wavelength 
range; and means for determining gap values of a plurality 
of points of the gap based on the obtained changes in the 
intensity. 

(13) A gap measuring apparatus comprising: 

a wavelength variable light source for shifting a 

wavelength of light stepwise within a predetermined range 

and emitting the light with the shifted wavelength; 

a camera for taking an image of an interference fringe 

of light; 
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optical means for directing the light emitted from said 
light source to a measured object provided with a gap and 
directing the light reflected by said measured object to 
said camera; 

an image memory for storing images of interference 
fringes formed by the light from said optical means and 
taken by said camera? and 

means for obtaining a change in the intensity of the 
images taken by said camera, at each of predetermined 
positions of each image over said predetermined range; and 
means for determining gap values of a plurality of points of 
the gap based on the obtained changes in the intensity. 

(14) A gap measuring apparatus comprising: 

a white light source for emitting white light; 

a camera for taking an image of an interference fringe 

of light; 

optical means for directing the light emitted from said 
light source to a measured object provided with a gap and 
directing the light reflected by said measured object to 
said camera; 

a filter for shifting, stepwise, a wavelength of the 
light from said optical means within a predetermined range 
to send the light with the shifted wavelength to said 
camera; 
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an image memory for storing images of interference 
fringes formed by the light from said optical means and 
taken by said camera; and 

means for obtaining a change in the intensity of the 
images taken by said camera at each of predetermined 
positions of each image, over said predetermined wavelength 
range; and means for determining gap values of a plurality 
of points of the gap based on the obtained changes in the 
intensity. 

(15) A gap measuring apparatus according to any one of (11) 
~ (14), wherein said means for determining a gap value 
includes : 

a reference data memory for storing data representing a 
theoretical change in the intensity of the images, over said 
predetermined range, correspondingly to each of 
preliminarily set gap values • and 

gap value comparison and determination means for 
determining gap values of a plurality of points of gap based 
on the changes in the intensity the images and the 
theoretical changes in the intensity., 

(16) A gap measuring apparatus according to any one of (11) 
- (14), wherein said means for determining the gap values 
includes : 
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means for obtaining a plurality of peaks in said change 
in the intensity of the images, over the predetermined 
wavelength range; and means for calculating gap values of a 
plurality of points of the gap based on a plurality of 
wavelengths respectively corresponding to the peaks. 

(17) A gap measuring apparatus according to any one of (11) 
- (16), which further comprises correction means for 
correcting the change in the density of the images taken by 
the camera, in consideration of variable factors. 

(18) A shape measuring apparatus comprising: 

a wavelength variable light source for shifting a 
wavelength of light stepwise within a predetermined range 
and irradiating the light with the shifted wavelength onto 
a light transmissible object that is to be measured; 

a light transmissible plate-like element which has a 
flat surface and is oppositely placed to said object with 
intervention of a gap; 

a camera for taking an image of an interference fringe 
formed by the light with the shifted wavelength transmitted 
by said object and said plate-like element, correspondingly 
to each step of the shifted wavelength; 

an image memory for storing images taken by said 
camera; 
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means for obtaininc 
images taken by said 
positions of each image 
means for determining 
the gap based on the 

gap-value-to-shape 
shape of said object 
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a change in the intensity of the 
caijiera at each of predetermined 

over said predetermined range; 
g&p values of a plurality of points of 
obtained changes in the intensity; and 
conversion means for determining a 
on the determined gap values. 



based 



(19) A shape measuring 

a white light sourqe 
light transmissible object 

a light transmissitil 
flat surface and is oppc 
intervention of a gap; 

a filter for shifting 
light transmitted by the 
within a predetermined 
shifted wavelength to s 

a camera for taking 
formed by said light 
correspondingly to each 

an image memory for 
camera; 

means for obtaining 
images taken by said camera 



apparatus comprising: 

for emitting white light onto a 
that is to be measured; 
e plate-like element which has a 
sitely placed to said object with 

, stepwise, wavelength of the 
object and the plate-like element 
ijange to send the light with the 
camera; 

an image of an interference fringe 

by said filter, 
step of the shifted wavelength; 
storing images taken by said 



aid 



transmitted 



a change in the intensity of the 
, at each of predetermined 



Attorney Docket No. 9319K-000294 



determining 



positions of each image 
range? means for 
points of the gap based 
intensity; and 

gap-value-to-shape 
shape of said object bai 



conversion means for determining a 
ed on the determined gap values. 



variable 



tepwis 



iibfl. 



oppqs 



(20) A shape measuring 

a wavelength 
wavelength of light s 
and emitting the light 
object to be measured; 

a light transmissi 
flat surface and is 
intervention of a gap; 

a camera for taking 
of light; 

optical means for 
light source to an object 
light reflected by said 
to said camera; 

an image memory for 
fringes formed by the 
taken by said camera; 

means for obtaining 



apparatus comprising: 

light source for shifting a 
ise within a' predetermined range 
With the shift'ed wavelength onto an 
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over said predetermined wavelength 

gap values of a plurality of 
on the obtained changes in the 



e plate-like' element which has a 
itely placed 1 to said object with 



an image of an interference fringe 
i 

directing the light emitted from said 
to be measured and directing the 
.object and said plate-like element 



l'ijht 



storing images of interference 
from said optical means and 



a change in the intensity of the 
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i 

images taken by said caniejra, at each of predetermined 
positions of each image oyer said predetermined wavelength 

* , L ! 

range; means for determining gap values of a plurality of 
points of the gap based 
intensity; and 

gap- value-to-shape 
shape of said object bas 
(21) A shape measuring 



oh the obtained changes in the 



i 



conversion mekns for determining a 



= eid on the determined gap values. 

: i 

i r i 

apparatus comprising: 
a white light source; for emitting white light onto an 
object that is to be measlired; 

M l 

a light transmissible plate-like; element which has a 

1 L , ! 

sjLtely placed to said object with 



flat surface and is oppc 
intervention of a gap; 

a camera for taking 
of light; 



by said object and said 



a filter for shifting, stepwise, 



i 



an image of an interference fringe 



optical means for directing the light emitted from said 
light source to the object and directing the light reflected 

pj.ate-like element to said camera; 



wavelength of light 



transmitted from said optical means within a predetermined 
range to send the light with the shifted wavelength to said 
camera; 

an image memory for Storing images of interference 

; ! i 

frxnges formed by the lijght from saidj filter and taken by 
said camera; 
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means for obtaining a change in the intensity of the 

of predetermined 



positions of each image 



t 

range; means for determinjing gap values of a plurality of 



points of the gap based 
intensity; and 

gap-value-to-shape 



conversion me 



shape of said object based on the determined gap values. 



oyer said predetermined wavelength 



oh the obtained changes in the 



ans for determining a 



apparatus according to any one of 
means for determining a gap value 



(22) A shape measuring 
(18) - (21), wherein sa4d 
includes : 

a reference data memory for storing data representing a 
theoretical change in ttie! intensity of the images, over said 
predetermined range, correspondingly to each of 
preliminarily set gap values; and 

gap value compariso'n jand determination means for 

i 

determining gap values dfja plurality 
based on the changes in 



theoretical changes in th| intensity 



said 



(23) A shape measuring 
(18) - (21), wherein 
values includes: 

means for obtaining 



apparatus acc 
means for 



of points of the gap 
intensity of the images and the 



ording to any one of 
determining the gap 



aj plurality of peaks in said change 
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respectively correspond 
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ifnages, over 
m^ahs for 
qep on a plu 
mg to the peaks. 



calculating 



raility 



(24) A shape measuring 
(18) - (23) f which further 
correcting the change ir 
by the camera, in conside 



(25) A manufacturing m^t 
which a gap between two 
crystal and sealed, 
points of the gap is 
measuring apparatus acco 
wherein liquid crystal 
gap values are within a 



where 



meals 



lis 



BRIEF 
Other features, 
invention will become a 
description of preferred 
drawings in which like 
or corresponding parts t 
which s 



apparatus accjo 
comprises 
:he intensify 
ration of 



variable 



liq 



lod for a 
substrates is 

! 

J.n gap values 
ired by util 
r&ing to any 

injected infto 
prescribed rabge 



DESCRIPTION 



THE 



advantag 



OF 

and 

from t 
Embodiments 
iference 
iifoughout 



ob ji^qts 



p| parent 



the predetermined 

gap values of a 
of wavelengths 



rding to any one of 
correction means for 
of the images taken 
factors . 



uid crystal device, in 
filled with liquid 
of a plurality of 
izing said gap 
one of (11) - (17), and 
said gap when the 



DRAWINGS 

es of the present 
le following 
with reference to the 
designate like 
views, and in 



characters 



several 
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illustrating 
obtaining a 
•rding to a 



mode 



illustrating 
obtaining 



mc de 



llustrating 
obtaining a 



FIG. 1 is a diagran. 
first optical system for 
interference fringe acco 
invention; 

FIG. 2 is a diagrair 
second optical system for 
interference fringe according to a 
invention; 

FIG. 3 is a diagram 
third optical system foi 
interference fringe according to a mqde 
invention; 

FIG. 4 is a diagram! illustrating 
fourth optical system for 
interference fringe according to a 
invention; 

FIG. 5 is a block diagram illustrat 
configuration of a gap ireasuring 
embodiment of the invent ion; 

FIG. 6 is a graph ill 



correcting a change in the! intensity 
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from the image 



fringe, which is obtained 

FIG. 7 is a graph illustrating a 
intensity of an interference fringe 
the image within a predetermined rangk 



mode 



at 



the configuration of a 
monochrome image of an 
for carrying out the 



the configuration of a 
monochrome image of an 
for carrying out the 



the configuration of a 
monochrome image of an 
for carrying out the 

the configuration of a 
monochrome image of an 
for carrying out the 



apparatus 



xng a primary 

that is a first 



ustrating correction data for 
Df an interference 



change in the 
a certain position in 
of wavelengths; 



I 

'I 
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inter ferenc 



and 



interference 



flowchart 



FIG. 8 is a graph i 
intensity of an 
the image within a 

FIG. 9 is a schemati 
between light waves I x 

FIG. 10 is a graph 
the intensity of 
range of wavelengths acc 
predetermined gap value 

FIG. 11 is a 
procedure to be perform 
is the first embodiment 

FIG. 12A is a block 
configuration of a gap 
embodiment of the invent} 

FIG. 12B is a graph 
calculating a gap value 
the gap measuring 
the invention; 

FIG . 13 is a 
procedure to be performeji 
that is the second 

FIG. 14 is a diagr 
a fifth optical system 
an interference fringe a 



predetermined range 
ic diagram i 

12 



apparatus 



flowchart 
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llustrating 
e fringe 



st 



illustrating 

fringes 
ording to a 



corrected change in the 
a certain position in 
of wavelengths; 
illustrating interference 
by a gap; 
theoretical change in 
within a predetermined 
plurality of 



transmitted 



illustrat 
d by a gap 
of the invent 
diagram i 
Measuring 
ion; 

illustrating 



illustrating 



Df an object, 
that is 



illustrating 



embod iment 



:an 



f 3r 



by the gap 
of the 
illustrating 
obtainir^g 
cording to a 



mg a measuring 
measuring apparatus that 
ion; 

a primary 
that is a second 



apparatus 



the 



an operation of 
which is performed by 
second embodiment of 



a measuring 
measuring apparatus 
Invention; 

the configuration of 
t monochrome image of 
mode for carrying out 



Attorney Docket No. 9319K-000294 



- 18 - 

the invention; 

FIG. 15 is a diagram illustrating the configuration of 

a sixth optical system lor obtaining 

i 

an interference fringe according to a 

j 

the invention; ; 

FIG, 16 is a diagram illustrating the configuration of 
a seventh optical system for obtaining a monochrome image of 

according tp a 



for obtaining 



an interference fringe a< 
the invention; 

FIG. 17 is a diagra^n illustratin 

s 

a eighth optical system" 
an interference fringe Recording to a 
the invention; 

FIG. 18 is a block 
configuration of a gap ir 



embodiment of the invention; 



FIG - 19 is a block -. : 



a monochrome image of 
mode for carrying out 



mode for carrying out 

g the configuration of 
a monochrome image of 
mode for carrying out 



diagram illus 



diagram illus 



trating a primary 



easuring apparatus that is a third 



:rating a primary 



configuration of a gap measuring apparatus that is a fourth 
embodiment of the invention; 

FIG. 20 is a diagram illustrating the configuration of 
a conventional gap measuring apparatus; and 

FIG. 21 is a diagram illustrating a process of 

[crystal device 



manufacturing a liquids 



for carrying out the invention. 



s according to a mode 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

j 

Hereinafter, the preferred embodiments of the present 
invention will be described in detail by referring to the 



accompanying drawings. ) 

i 

(1) Configuration of Optical System 

j 

i 

Data of interference Fringe 

I 

(First Example) \ 

t 

FIG. 1 is a diagraijij illustrating 



first optical system for obtaining' an image of an 



interference fringe accc 

i 

invention. This system] 
source 1 enabled to per! 



wavelength shifting at every nanometesr within a 



predetermined range of 



to 550 nm. Light outputted from the 



object 100 to be measured. Then, the 



by the object 10 0. Sub| 



100 is taken by a monocrirome camera 3 
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for Obtaining Image 



the configuration of a 



rding to a. mode for carrying out the 
employs a wavelength variable light 
orm wavelength scanning or 



avelength from, for example , 450 nm 



wavelength variable 



light source 1 is applied through a backlight 2 onto an 



equently, an 



light is transmitted 
image of interference 



fringes generated due td a gap 101 1 provided in the object 



case, image data respectively corresppnding to 100 

i 

wavelengths are obtained. 

Incidentally, a monochrome light 



spectroscope enabled to j perform wavelength scanning within a 



range of wavelength fi;o^ 

4 



Therefore, in this 



source provided with a 



250 nm to ; 12p0 nm is currently 
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I 



exajiipl 



available. Thus,, such 
as the wavelength varia 
(Second Example) 
FIG. 2 is a diagrair 

1 

second optical system ft 

! 

interference fringe accc 
invention. In this 
light source 4 is applied 
object 100 to be mea 
by the object 100. Subs 
fringes generated due tc 
100 is taken by a 
case, image data of 100 
system, a wavelength se 
wavelength scanning at 
predetermined range of 
to 550 nm is provided a 
Further, an image of in 
scanned wavelength of 1 
selection filter 5. In 
respectively correspond! 
Incidentally, the 
provided in the 

(Third Example) 
FIG. 3 is a diagrani 



$ monochrome light source can be used 
le light souf ce 1 . 



equently, an 



a gap lOli provided in the object 



monocr rome camera 3 



wavelength 



monochrc tie camera 3, 
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i 



wavelengths i 
i 

ection filter 



the side \of 



illustrating the configuration of a 

i 

r obtaininlg ^n image of an 

rding to aj rac&e for carrying out the 

I ! 

e, light, outputted from a white 
through a tacklight 2 onto an 
Then, the' light is transmitted 
image of interference 



Therefore, in this 
s obtained. In this 
5 enabled to perform 
ery nanometer within a 
Wavelength fro;m r for instance , 450 nm 
the monochrome camera 3, 

rference frihges is taken at every 

I ■ 

ht transmitted by the wave 
this case, j similarly, image data 
rig to 100 Wavelengths are obtained, 
selectiojn filter 5 may be 



illustrating 



the configuration of a 
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third optical system for obtaining ar ; 



rding to a mc|de 
employs a wa^el 



ngtJh 



range 



t source 1 is 
100 to be 
|e object 100. 



interference fringe acc 
invention. This system 
source 1 enabled to perform wavele 
nanometer within a predl termined 
for example, 450 nm to £50 nm. Light 
wavelength variable lig 
splitter 6 to an object 
is reflected again by t 
reflected light is transmitted by the 
image formed from the tlansmitted 
monochrome camera 3 . Tlflus , an image 
fringes generated owing |fto a gap 101, 
the object 100, is take 
data respectively corresponding to 1 
obtained. 

(Fourth Example) 
FIG. 4 is a diagra 
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measured. 



light 



illustrating 
fourth optical system fdc obtaining a:i 



interference fringe acc 
invention. This system 
Light outputted from th 
by a beam splitter 6 to 
the light is reflected af 
Subsequently, the refle 



rding to a mofre 
employs a whit 
white light 
bn object 100 
j jain by the 
:ed light is 



image of an 

for carrying out the 
ength variable light 
scanning at every 
of wavelength from, 
outputted from the 
reflected by a beam 

Then, the light 
Subsequently, the 
beam splitter 6. An 
is taken by a 
of the interference 
\ which is provided in 
U similarly, image 
wavelengths are 



00 



;the configuration of a 
image of an 
for carrying out the 
e light source 4. 
isource 4 is reflected 
•to be measured. Then, 

object 100. 

i 
1 

transmitted by the beam 
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splitter 6. An image f 



taken by a monochrome cimera 3. Thus 



interference fringes ge 
provided in the object 
wavelength selection fi 
scanning at every nanom- 
wavelength from, for in 
at the side of the mono 
of interference fringes 
of light transmitted by 
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rmed from the 



erated owing 
00 , is taken 
ter 5 enabled 
! ter within a 

ance, 450 nm 
hrome camera 



transmitted light is 
f an image of the 
to a gap 101, which is 

In this system, a 
to perform wavelength 
predetermined range of 
j to 550 nm is provided 

Further, an image 
irery scanned wavelength 



is taken at e 

the wave selection filter 5. In 
this case, similarly, inage data respectively corresponding 
to 10 0 wavelengths are obtained. Incidentally, the 
wavelength selection fijter 5 may be 
monochrome camera 3 . 

in the case of the 
system may be adapted sc 
source is transmitted bj 
object 100 , that then, t 
100 , that subsequently, 
beam splitter 6, and the 
reflected light is taker 

(2) Gap Measuring Appaq^tus of the Invention 
First Embodiment 
(i) Configuration 

FIG. 5 is a block dfiagram illustrating a primary 



provided in the 



hird and fourth examples, the 

1 

that light otitputted from the light 

i 
I 

the beam splitter 6 toward the 

j 

ae light is reflected by the object 
:he light is Reflected again by the 
: an image formed from this 
by the monochrome camera 3. 
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configuration of a gap measuring apparatus that is an 



embodiment of the invert 
designates an optical s 
image of an interferenc 
the description of the 
( 1 } . Reference numeral 



ion. Furthers- reference numeral 11 

j 

Jstem for obtaining a monochrome 



storing image data obtained by the op 



Reference numeral 13 den agnates a correction data memory for 



preliminarily storing correction data 
described later. Refer||ace numeral 1 
data memory for storing 
theoretical change in t 
fringes within the wave 
plurality of predetermi 



fringe, whic 



i 1 



12 denotes an 



has been described in 



irst to fourtlh examples in Section 



image memory for 
tical system 11. 



which will be 
denotes a reference 
reference datk relating to a 

: the interference 
ength scanning range according to a 
sd gap values 



intensity o 



Further f reference numeral 15 designates means for 

* of a gap provided in an object to 



15 has image 



determining the gap vali 
be measured. This means 
calculation means 151 f c b obtaining a 
intensity of a fixed pos Ltion among p 
(which are arbitrarily abt in each im 



the width direction of tlie image) in 
images of interference f;:inges corres 
wavelength , which are read out from t 



all pixels over the imac b or every pi:cel on a center line in 



for correcting the changfi in the intensity according to 



intensity change 
change in the 
Redetermined positions 

fige, for example, at 

( 



$ach image across the 
onding to the scanned 
i;e image memory 12, and 
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comparison 



correction data stored 
also has gap value 
for comparing a change 
image intensity change 
theoretical intensity c 
memory 14, to determine 
theoretical change in t 
the change in the inten 
calculation means 151, 
position on the object 
(ii) Correction Data S 

An image taken by 
mainly by the variable 
spectroscopy characterifjt 
spectral characteristic^ 
(c) the spectral 
influence based on thos 
Hence, it is preferable 
preliminarily created, 
which is obtained from 
corrected into an 
contains data as 
relation between the 
brightness). This data 
intensity of an image oi 



n the intensi 



n the correct fon data memory 13 f and 
and determination means 152 
ty obtained by the 
alculation mdans 151 , with a 
ange stored in the reference data 
a set gap va^ae corresponding to the 
e intensity, which is most close to 
ity obtained |>y the image intensity 
fs the gap valJue at the fixed 



appropriate 
illustrated 
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ored in Correction Data Memory 13 



t le monochrome 
factors, such 
ics of the 1 
of a lightin 
characteristics of t 



camera 3 is affected 
as (a) the emission 
ight source, (b) the 
optical system, and 

e camera- Therefore, 



factors should be eliminated- 



that a correc 
ad that the c 
1 he images tak 
value, 
in FIG, 
wa^felength and t 
Is obtained b 



ion table is 
ange in the intensity, 
n by the camera, is 
This correction table 

that indicates the 
e intensity (or 

measuring the mean 



an interference fringe in a region 
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intensity of the fixed 



divided or subtracted b 
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having a dense interference fringe , At every wavelength or 
by preparing a sample hitving a gap tt'at is equal to or 
longer than a coherence! length, and njeasuring the intensity 
thereof at every wavelength. When tie change in the 



images taken by the camera and illustrated in FIG. 7 is 



correction table to normalize, data illustrated in FIG. 8, 



which represents the co 
the fixed position in t 
(iii) Reference Data S 
When light having 4 
gap d provided between 
and I 2 passed therethrot 
illustrated in FIG. 9. 
position in a image of 



rected change 
e images , is 



osition whict is obtained from the 



the data contained in this 



wavelength X 
iarallel flat- 



Thus , the int 
in interferenc 



I ■ Ii + I a + 2(Ii-3 



Incidentally, for 
2(I 1 *I 2 ) 1/2 - 1/2, and th 
measured , for instance, 
the gap d, the intensity 
image is obtained corre 
Further, the theoretical 



in the intensity of 
obtained. 



bred in Reference Data Memory 14 



is passed through a 
plates, light waves Ii 



h interfere with each other as 



1/2 



•cos(4jrdA) 



msity I of a fixed 
i fringe is given by: 



ample, in th 
t a value wit|; 
from 3000 nm 
I of the fix&d 
ponding to ea 
change in th 



(2) 



* case that ij, + l 2 = 

in a range to be 
to 4100 nm is given to 
position in the 
:h scanned wavelength h. 
intensity within the 
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Consequently, reference 
change in the intensity 
illustrated in, for ins 
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wavelength scanning ranfje is obtained 'j according to this 
intensity I- Such processing is performed correspondingly 
to each of a plurality of preliminarily set gap values. 

data representing the theoretical 
according to 
zance, a graphj 
(iv) Measuring Procedure 

FIG. 11 is a flowchart illustrating a measuring 
procedure to be performed by the gap measuring apparatus 
that is the first embod: ment of the invention. 
First, data representing a plura 



images of interference Ijringes corresjl 
wavelengths are stored into the image 
by utilizing the optical system 11 foi 



monochrome image of an interference fringe 



he set gap values, as 
of FIG. 10 is obtained. 



Subsequently,, the inage intensity 



means 151 reads out, for 



example, 100 



memory 12, obtains a change in the intensity of a fixed 



ity of monochrome 
bnding to scanned 
memory 12 at step SI 
obtaining a 



change calculation 
images from the image 



position among the aforementioned pre 
each image, across the 1)0 images, at 
image intensity change calculation mei 
obtained change in the intensity accor< 
data stored in the corre :tion data meir! 
that the change in the intensity of th 
the images within the wavelength scann 



rtermined positions in 

li 

istep S2. Then, the 
hs 151 corrects the 

ing to the correction 
bry 13 at step S3, so 
fixed position in 
ng range is 
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represented by using th| corrected dajfca 

Furthermore, the qi p value comparison 
means 152 compares the Ihange in the 
the image intensity chaige calculation 
theoretical intensity c|ange represented 
data stored in the ref e :ence data memory 
value comparison and de 



emanation means 



gap value, which corresponds to a thejbret 



change that is closest 



intensity of the fixed position in the 



o the obtained 



in the object; 
ed position m 



value of a gap provided 
corresponding to the fi 
S4. 

Therefore, in the cjase that, for 
predetermined positions 
the object with uniform 
and the data processing 



are set in t 
intervals in 
consisting of 



of 



performed corresponding _y to each of 
positions, the gap in tie direction 
central portion of the object can be 
Incidentally, the Steps S2 to S4 
performed for each of the predetermined 
gap values at all the predetermined 
determined by obtaining a change in tihe 



predetermined position >y steps S2 ari i 



and determination 
ntensity obtained by 
means 151, with the 
by the reference 
14. Then, the gap 
152 determines the 
ical intensity 
change in the 
images, as a gap 
at a position 
the images, at step 



instance, the 
\ central portion of 
he direction of width, 
steps S2 to S4 is 
:he predetermined 

width and in the 
ietermined. 
may be repeatedly 

positions . Further , 
jj^sitions may be 

intensity of each 
S3 and comparing the 



r 
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obtained change with th* theoretical 
Additionally, in tie case that a 
the monochrome camera 3 r and that the 



steps S2 to S4 is repea :edly performed on each of the pixels 
of the obtained image, ;he gap of thdj object can be measured 
in a three-dimensional fanner 
Second Embodiment 
(i) Configuration 

FIG. 12A is a blocft diagram illustrating a primary 
configuration of a gap measuring apparatus that is another 



embodiment of the inven 



reference numerals 11 t) 13 designates a constituent element 



that is the same as the 
described in the description of the f 
Further, means 16 for d 
image intensity change 
a plurality of images f 
change in the intensity 



ion. Inciderj 



bhange in the intensity 
CCD camera is used as 
process consisting of 



tally, each of 



:om the image, 

of a fixed position among the 
aforementioned predetermined positions in each image across 
the read out images, anil correcting the change in the 
intensity according to Correction datia stored in the 
correction data memory S.3, and also cpmprises gap value 
calculation means 162 ffcr obtaining vjivelengths kl and \2 
corresponding to peaks appearing in change in the 
intensity corrected by J:he means 161 jand for calculating the 



corresponding constituent elements 

irst embodiment, 
itermining a gap value comprises 
calculation means 161 for reading out 
memory 12, obtaining a 
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gap value d of the object according the following 
equation: 



d =X1-X2/2(X2 - XI 

Incidentally, the equation (3) i 
In a change in the intensity of ligh 



where 2d is a difference in opticfkl path lengths caused 



(3) 



explained in Fig. 12B. 
with a variable 
a peak of the 



wavelength , at a certain position, ifj 
intensity appears at wavelength Xl anl a next peak appears 
at the wavelength X2, the following efuation is adapted. 

m U=2d, (m-l)X2=2d f 



by the gap f and m is a crder number o 
Then, m is deleted from the equations 

d =U X2/2(X2 - XI) 
(ii) Measuring Procedure 

FIG. 13 is a flowchart illustrating the measuring 
procedure to be performed by the gap 
that is the second embodiment of the 



the wavelength XI . 
to obtain 



First, a plurality 
fringes are stored into 



f monochrome 



bhe image memc 



utilizing the optical system 11 for o: 



image of an interference 



easuring apparatus 
vent ion. 
ages of interference 
y 12 at step Sll by 
aining a monochrome 



fringe. 
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Subsequently, the image intensi 
means 161 reads out r for example , 10 
memory 12 , obtains a change in the i; 



position among aforementioned predetermined positions in 



each image, across the 
image intensity change 
obtained change in the 



100 images, atjj step S12. Then, the 
calculation means 161 corrects the 
intensity acccfrding to the correction 



data stored in the correction data mjpory 13 at step S13, so 



that the change in the 



intensity of Jhe fixed position in 



e corrected d 



Furthermore, the gap value calcu 



and X2 corres 
in the inten; 



obtains wavelengths kl 
appearing in the change 
means 161 and calculates the gap val 
object at a position corresponding tc 
the images, at step S14 

Therefore, in the <j:ase that, for 
predetermined positions 
the object with uniform 
and the data processing 
performed correspondingly to each of 
positions, the gap in tie direction 
central portion of the object can be 

Incidentally, the £;teps S12 to S 



change calculation 
images from the image 
ensity of a fixed 



the images within the wavelength scailning range is 
represented by using th 



ation means 162 

mding to peaks 

.ty corrected by the 

of the gap of the 
the fixed position in 



consisting ot 



instance, the 
are set in trip central portion of 
intervals in fhe direction of width, 
steps S12 to S14 is 
:he predetermined 

width and in the 
determined. 
4 may be repeatedly 
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performed for each of the predetermii ed positions. Further, 



gap values at all the predetermined j 



determined by obtaining 
predetermined position 



Additionally, in t 



Dsitions may be 
he intensity of each 
nd SI 3 and comparing 



CCD camera is used as 
process consisting of 



a change in t 
by steps S12 

the corrected change with the theoretical change in the 
intensity. 

le case that a 
the monochrome camera 3 , and that the 

steps S12 to S14 is repeatedly perfoircied on each of the 
pixels of the obtained image, the gap j of the object can be 
measured in a three-dimensional manner. 
(3) Shape Measuring Apparatus of the Invention 
(i) Configuration 

A shape measuring Apparatus according to an embodiment 

Lc Lr 



of the invention is con 
constituent elements to 



figured by ad< 



described in the description of the 



embodiment. That is, t 



an object 200 in such a 
to be flat is added, fo. 
interference fringe as 



.ng additional 



the gap measuring apparatus 



xst or second 
em 11 for obtaining a 



;pe optical sys 

monochrome image of an Interference fringe as illustrated in 
FIGS ♦ 1 to 4 is replaced with an opti ;al system 12, to which 
a transparent plate-liki* element 7 hairing a surface facing 

way : as to provide a gap 201 and as 
>t obtaining a 
Illustrated in 



Moreover, the shape measuring apparatus of the invention has 



[lonochrome image of an 
FIGS. 14 to 17. 
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gap-value-to-shape conversion means 1 
shape of the object 200 according to 
by gap value determination means 15 o 
the fact that the difference between 



gap formed between the transparent ite-like element 7 and 

two : places on 



the object 200 at given 
the element 7 corresponds to a change 
forming surface of the <[)bject 200 at 
because the transparent 
shape. 

The configuration o 
constituted as a third embodiment of 
illustrated in a block diagram of FIG 
shape measuring apparatus constituted 
of the invention is illustrated in a 



gap measuring apparatus 



f a |shape mea 



for determining the 
he gap value obtained 

16- This utilizes 
he gap values of the 



the flat surface of 
in height of the gap 
he given two places 
plate-like elfement 7 has the flat 



19. Incidentally , the third embodiment corresponds to the 



that is the f 



Further, the fourth embodiment corres onds to the gap 



measuring apparatus that is ,;the secon 
(ii) Measuring Procedure 
In the case of the 



the third embodiment, processing to b 
to S4 is performed over a measuring r 
after step Si illustrated iri FIG- 11. 
gap values of gaps formed between the 



uring apparatus 
he invention is 

18 , while that of a 
as a fourth embodiment 
ilock diagram of FIG. 



shap.e measurii g apparatus that is 



rst embodiment. 



embodiment. 



performed at steps S2 
nge of the object 200 

Thus, a plurality of 
transparent plate-like 
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i 

element 7 and the object 200 are determined. Subsequently, 
the gap-value-to-shape conversion meal ls 17 converts the 

determined gap value in:o data repres! 

I 1 

shape of the gap forming surface of trie object 200 , so that 
the shape of the gap fo;:ming surface ; if the object 200 in 

the measuring range is measured. 

i 

shapje measuring apparatus that is 



rn the case of the 



S12 to S14 is performed 



200 after step Sll illustrated in FI 



plurality of gap values 



the fourth embodiment, processing to fte performed at steps 

.ng range of the object 
13. Thus, a 



over a measur 



of djaps formefi between the 



transparent plate-like felement 7 and |the object 200 are 
determined. Subsequently, the gap-vaiue-to-shape conversion 

! 
i 

means 17 converts the determined gap 
representing a change in the shape of 



falue into data 
the gap forming 



invention and the shape 



embodiment thereof, a g.ip of a transparent liquid crystal 



cell having a micro-gap 



;he measuring range is 



surface of the object 2p0, so that thj| shape of the gap 
forming surface of the ^bject 200 in 
measured. 

According to the g£tp measuring aj paratus of the 

measuring app iratus of this 



and !a minute 



a member can be measured at a high sp >ed with an accuracy of 
about several nanometers. I 

Further r each of the optical syslems of the gap 



:hange in the shape of 
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i 
\ 

! 

measuring apparatuses according to th 

shape measuring apparatuses jof this e 

i 

configured so that the two alight wave 

I 

interference fringes pass through the 
Thus, even when a shock is given ther 
difference between theses light waves 
the measuring accuracy therejof can be 



Incidentally, although the wavelength scanning is 

performed at every nanometer; in the r nge of wave length 

i 

from 450 nm to 550 nm according to th< mode for carrying out 

the invention or the embodiments ther of, such values can be 

i 

suitably determined. Hcwevejr, a higher accuracy measurement 



is enabled by obtaining 



Further, although the reference dbta is preliminarily 



calculated and stored irj thei reference 

j 

according to the mode fcr carrying oui 
the embodiments, means for calculatin< 
may be provided in the appariatuses . 



data memory , and the reference data m 



Furthermore, although the image n pmory, the correction 



invention and the 
(bodiment thereof is 

forming the 
same optical path, 
to, the optical path 
is always stable, and 
(maintained. 



aboujt 100 ima< e data at one point. 



embodiments are illustrated as differ* 

i 

memories may be constituted as one men Dry (or unit) 

Additionally, programs for perfoi ling the functions of 
the gap value determination means 15, the gap-value-to-shape 
conversion means 17, or of the gap val le determination means 



data memory 14 

the invention or to 

the reference data 



a nory of each of the 
ht memories, these 
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16 and the gap-value-to 
executed by the same CPU 

Finally , an example of ;a process' 



35 - 



-sha£e conversion means 17 may be 



liquid crystal device utilising the c \p measuring method or 



apparatus according to 



hereinbelow with reference to FIG. 2 



At step A, first, 
upper substrate 321 and 
photolithography . For 



formed on the upper substrate 321, w: 



transistor 332 is formed on 1 the lowei 



Incidentally, elements 



the invention 



jiecessary cir 
a lower subs 

! 

example, a co; 



of manufacturing a 



on the upper substrate 



322 is formed. Then, ribbing is performed thereon- 



Moreover , similarly, an 
lower substrate 331, on 
formed, then rubbing is 



sealing the light crystal is applied 



substrates, for instanc 



Ls described 



its are formed on an 
ate 331 by using 
on electrode 322 is 
le a thin film 
substrate 331. 
step are changed 



formed at this 
according to the kind of the liquid c :ystal device. 

i 
i 

Subsequently, at step B, an orie tted film 323 is formed 

.! 

321 , i on which 



oriented filn 
which a thin 



performed thereon. 



subsequently, at step C, a seali ,g material 324 for 



:he common electrode 



333 is formed on the 
Eilm transistor 332 is 



the upper s ibstrate 321. Further, 

i 

a gap material 334 is sprayed onto th * oriented film 333 

! 

formed on the lower substrate 331. I icidentally, the manner 
of application of the sealing materia! . and spraying of the 



o one of the 
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sprayed 



substrates 



gap material is not lim 
It is possible that the 
the gap material is 

Then, at step D, a 
sticking the two s 
to each other. Further 
measured by using the a 
apparatus. Moreover, it 
value of the gap is with 

Subsequently, at st 
step, a strip-like pane], 
panel 400 verified as 

Then, at step F, 
gap through a liquid 
like panel 410. 
by a liquid crystal sea 

Moreover, at step G 
a panel 420, whose size 
product, is formed by 
which the liquid crystal 
is mounted on the panel 
is completed. 

According to the me 
invention, a measurement 



:.ted 



|325 and 3 
the gap form 
aforementioned 



ep E 
410 



is manuf 
b^ing *within th 



liquid 
crystal 



Subsequently 
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sealing mater 



to the af rementioned manner. 



al is applied to and 
onto one f the substrates, 
pan^l 400 is Manufactured by 



is : 



checked w ether or not the gap 



in a prescrib 



serving A s a first breaking 



ijing [material 

•i . 

serving as a 



is equal to tj at of one panel of a 



partinig 



the str 
is sealed. 



420, 



Thus, a 



hods and 
of each of a 



5 made at steps A to C 
d in this panel 400 is 
ap measuring method or 



d range. 



ctured by parting the 
prescribed range, 
crystal i 3 injected into the 
injecting portion of the strip- 
!y, the li< uid crystal is sealed 
50. 

second breaking step, 



p-like panel 410, in 
hen, a driver IC 360 
liquid crystal device 



appa ratuses of the 

jap with width or 
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crystal, 



shape of the object can 
high accuracy without 

Further, in raanu 
gap in which liquid 
so that the manufacturing 
device is improved. 

Although the 
invention have been 
that the present invent 
other modifications wiljL 
art without departing ffcom 

The scope of the 
be determined solely by 



be performed 

rabving the obje :t 

I 

fa<pturing a liqu id 
is injectjpd 
efficiency 



preferred 



embodimen 
above , 
Ion is not 



des sribted 



be 



present 



the 



h 37 - 



I 



it a high speed with 
or apparatus, 
crystal device, a 
is checked at once, 



)f a liquid crystal 



s of the present 
It should be understood 
linjf-ted thereto and that 
apparent R;o those skilled in the 
the sprint! of the invention, 
invention, therefore, should 
appended fclaims. 



